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Teet  of  a  new  method  for  the  fixation 
of  atir.ospiieric  nitrogen. 

Of  all  the  ohenioal  eler.cnts  vrhioh  oocur  in  larce 
(quantities  on  our  planet,  tlie  element  nitror;cn  iu  oharacter- 
ised  by  ito  ali;;ost  perfect  indifference  to  chemical  attacl:. 
We  are  quite  accustomed  to  this  indifference  of  nitrogen 
in  that  practically  the  only  use  that  we  mai:e  of  it,  is  ao 
an  innert  atmoephere  to  protect  other  thinRS  fro:.,  oxidation 
and  chemical  attaci:.  ThiB  hov/e^er  is  not  the  only  form  in 
which  nitrofren  existu.  xihen   in  combination,  nitror:en  is 
characterined  by  its  extreme  activity  as   its  use  as  nitric 
acid,  exi)lonives  and  other  nitro-compounds  will  testiiV- 
YJlien  in  combination  nitrogen  plays  its  most  important  part 
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in  our  lives  and^all  of  oiir  industries.  Upon  it  together 
vrith.  phosphates  and  potash  our  lives  depend.  ILitro^en  com- 
pounds are  continually  being  removed  from,  the  soil  by  plante 
and  they  must  e  replaced  apain,  for  plant  growth  is  depend- 
ant upon  them.  This  is  a  problem  of  the  rreatest  importance, 
for  the  replacement  must  be  m.ade  either  with  soi.:c  nitrof:en 
comiixjund  or  by  the  slow  method  of  raising  such  crops  as 
clover  and  alfali'a,  which  dissimilate  the  nitrogen  of  the 
air  by  means  of  a  bactc:  ia    ,   wiiich  exists  on  their  roots. 
Such  plants  on  dying  return  to  the  noil  the  nitrofren  that 
they  have  tal:en  out  of  the  atmosphere.  \}\>   to  the  last  few 
years,  our  needs  in  the  form  of  nitrogen  cor.pounds  was 
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entirely  Gupplied  and  Is  etlll  larrely  supplied  by  already 
fori.icd  aitror'en  coi.".pounda.   Fe  rrerc  dependant  on  co^.:pouade, 
which  v.'cre  the  renal  is  of  early  plant  life. such  as  Chile 
saltpeter  and  the  ax.uno!iia  iiao»p  obtained  in  the  r.ianuf ac turo 
of  KGO  rroi..  coal.    In  the  lasu  decade   the  deuand  for  suoh 
nitroronous  iiiaterial   ooth  for  aprricultural  and  industrial 
■pixrPos£s  has  tremendously  increased,  while  on  the  other 
hand  the  supply  of  rjhilc  salticter  has  been  decreaslap;  rapid- 
ly.   The  fiupply  of  nltroc;en  co:..pouade  froti  the  nanufacture 
of  Kas  and  col:e  has  increased  but  slowly:   and  vc  cannot 
expect   t-hlG  to  r.aintain  :he  balance^  offset  by  our  decreas- 
iiif:  saltp-eter  deix)sitE,    It  has  been  estii.;ated  that   the  nitrate 
fields  of  ohile  contain  about  r40,000,000  tons  of  saltpeter, 
and   lihic  v;ith  an  annual  exportation  of  2,000,000  tons 
would  only  supply  the  rrorld  for  the.  next  120  years,    mstron 
in  his  estii-ate  of  the  fields  docs  not  eripect   the  supply 
to  last  later  than  1040.    Altiiough  experts  differ  in  t'neir 
estii^tes,   it  is  quite  evident   that   the  day  is  not  far 
off  when  the  Ohile  saltpeter  deposits  nill  r'ive  out.    Thus 
it  vras  hi£^hly  lisi-^ortant   that  some  methods  of  transferring 
our  superacundant  ip.nert  nitrofren  to  the  oonbined  state 
were  devised. 


There  have  ocen   three  reneral  rcethods  ei:Tployed  in  the 
fixation  of  atrxispheric  £iltrof;ea.  The  first  is  by  the 
direct  o:^idatioa  of  the  nitroc:en  of  the  air  to  ni!.rio 
acid  and  nitrates  by  r.eans  of  the  electric  arc.  '"he  aecond 
general  nethod  is  the  synthesis  of  ai.j;ionia  fron  its  ele- 
ment's ajid  the  -.hirJ  is  by  the  fixation  of  ni troreri  »*'/w  a 
f.'etal  or  metaJloid  and  the  cubcequent  deoonpocition  of 
the  re^Ailtinj^  product,  producinr;  ai-Tuonia.  The  last  process 
is  a  true  fixation  process.  A  .Miort  revievr  of  these  gen- 
eral processes  is  as  follOTrs. 

The  first  process,  that  of  direct  oxidation  of  the 
nitrogen  of  the  air  to  oxides  of  i"iitrop;en  by  means  of  aa 
electric  sparl:,  has  been  icnovm  for  a  lonj-  tiine:  but  its 
coEiTiercial  application  after  a  series  of  failures  is 
only  recent,  '^'he  firsi  attej-pt  to  carry  out  the  oxidation 
of  nitrogen  on  a  corjnercial  ccalc  was  ciade  by  the  Atmos- 
pheric Products  rjo.  of  lliapra  palls,  usinc  the  patents 
of  Bradley  and  Lovc,;joy.  Their  first  apparatus  consisted 
of  a  series  of  si..all  couparti::cnts,  in  each  of  which  an 
arc  was  forr.ied  between  horn  shaped  electrodes.  This  uas 
supplanted  by  a  single  piece  of  apparatus  in  which  or  oo 
arcs  were  formed  per  second.  This  vras  an  iron  cylinder, 
four  feet  i:i  diaiueter  and  five  feet  lonn.  In  the  center 
of  this  rotated  a  shaft  caiTyirif:  a  series  of  radial  arno, 
the  ends  of  vrhich  v/ere  platinu..:  tipped.  Six  rows  of  rs 
Inlet  r.'ires  each,  projected  thru  the  cyll.:der  and  ended 


In  a  platinuL.  hook.  As  the  radial  arr.s  rotated,  the  plat- 
in\m   tips  passed  the  platlnun  hooRs  and  the  arcs  that  v/ore 
fonncd  were  dravm  out  by  the  revolutions  of  the  shaft,  riie 
arcs  were  di'atrn  out  rron  four  to  alx  inches  before  r:oing 
out.  The  ourre.nt  was  supplied  by  a  direct  current  renerator. 
which  r:ave  8000  volto  at  .76  ampere.  Air  v;as  passed  into 
the  cylinder  at  ihc  rate  of  11.3  cubic  ;-iotcrs  per  second: 
and  It  contained  2,b   percent  of  nitric  o^ide  vrhen  it  caf.ie 
out  of  the  cyli  ider.  ?he  nitrop-en  of  the  air  in  contact 
with  the  arcs  had  become  orldined  to  nitric  oxide.  Tiie 
yield  is  said  to  have  been  87  crams  of  nitric  acid  per 
Kilo^ratt  hour  of  current  used.  The  process  althou/2:h  feas- 
ible 17U0  not  coi.-jnercially  ouccescful  aM  the  worr.  was  dis-  . 
oontiiiued.  There  are  three  coi:i.;crcial  processes  for  the 
or.idatlon  of  nitronen  by  Lieanti   of  the  electric  iirc.  These 
are  the  Birl:eland-Eyde ,  the  Schoriherr  and  the  Pauliaf;  pro- 
cesses. They  differ  principally  only  in  type  and  deoirn 
of  furnace  er.ployed.  Practically  all  of  the  processes  have 
been  in  operation  since  IP 06,  and  the  only  prepress  raade 
during  that  tir:.e  was  in  raiBl:i('r  the  concentration  of  the 
oxides  of  nitrogen  in  the  gaseouB  r.ii.tture  as  it  leaves 
the  furnace,  sorae  progresc  was  also  r:.ade  in  oiinplify- 
ing  the  desij^n  of  the  furnaces  enployed.  The  first  sucesa- 
ful  process  for  the  o:iidation  of  nitrogen  was  that  of 
Biri:eland  and  lyde. 
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In  the  procei-L-  of  Birkelaiid  and  iryde  a  hlf.h   volta^ie 
flGioe  is  forned  between  tv/o  electrodes,  conolstlnp:  of  water 
cooled  copper  tubes.  Jt'llcliter  in  ISCl  had  deuoastrated  that 
T7hen  an  electric  arc  v/ac  placed  in  the  field  or  an  cleotro- 
rnacnet  it  was  dratrn  out  into  a  thin  sheet  of  flaine.  Use  ic 
inade  of  this  i":!  that  the  electrodes  are  placed  in  the  field 
of  an  eaonaouc  horse-shoe  njarjnet.  The  arc  forna  itself  be- 
tween the  nearest  points  of  the  elecirodcc  and  is  caused 
by  tht  saraetic  field  to  travel  outv^ard,  and  it  travels 
ilong:  |il§  electrodes  until  the  current  is  reversed.  A  new 
lime   then  starts  from  the  oppoeit  side  of  the  electodoc. 
she   oiirrent  used  is  a  5000  volt  alteraatinc  current,  at 
50  cycles  per  second.  Each  reversal  of  the  current  forr:iG 
a  new  flaxae.  The  electrodes  arc  enclosed  in  a  narrow  iron 
furnace,  v;hich  is  lined  r/ith  refractory  bricK.  In  the  center 
of  the  I"urnace  is  tlie  flai.ie  chai-.ber,  wiiich  is  fron  10  to 
16  centiiv.eters  V7ide  and  tv/o  riieters  hlp.h.   Air  is  forced  thru 
the  furnace  at  the  base  and  leaves  it  at  a  texaperature  or 
800  to  looo^c,  containi;!/^;  about  one  percent  of  nitric  o.tide. 
The  ter-iperature  of  the  flame  proper  exceeds  souo^rj.  Tie 
gases  fron  the  furnaces  are  first  conducted  under  stean 
boilers,  where  they  are  cooled  to  20oOo.  Tliis  excovss  heat 
is  utalised  for  povrer.  The  caseti  arc  next  led  to  the  cool- 
ing house  v/iiere  they  are  further  cooled  to  50'-' c,  in  aliu.^ 
inu;:.  pipes  inciereed  in  running  water.  The  f^ases  then  pat>B 
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IQ    ohe  oxidation  oharabers.  These  are  vertical  iron  oylincl- 
ere  lined  with  aoid  proof  ntoue.  Here  the  reaction  2W0 
plus  0^  equals  2110c  is  completed.  The  pas  Is  next  led  to 
the  absorption  towers,  'jiiich  are  filled  rrlth  brol'ien  quarts. 
I'he  5:as  entero  at  the  base  of  the  tovrers  and  panoes  ui>- 
v/iird,  rhile  water  trioiiliiiK  downward  thi-u  the  tovror  pao":- 
ing  is  converted  to  a  solution  of  nitrlo  acid.  The   towers 
are  placed  in  series,  and  the  nitric  acid  colutlon  beoOLics 
Eore  concc'itrated  as  it  paoces  fror::  toner  to  tower:  the 
gas  becoiiliig  f.'.ore  deplejited  of  its  oxides  of  nitrocon  as 
it  travels  oa.  The   last  traces  of  NOo  are  rcr>oved  in  the 
last  tov/er  by  a  sodiui..  carbonate  solution,  produoir-c  nitrite 
and  nitrate  of  coda.  The  principal  factories  usi:i£  the 
Biriceland  and  ICyde  process,  are  at  Notodden  in  Iioi".7ay 
where  200,000  horse  pov;er  obtained  froi;  t^hc  falls  nearby 
is  utiliri^ed.  The   products  of  :.hese  factories  are  placed 
on  the  r;iari:et  ac  nitrites  and  nitrates  of  sodiui.:,  calciu:- 
and  aLiLiOniuT-i,  and  as  ohei..ically  luve   nitric  aoid. 

iTie  process  of  the  Badlshe  Anilin  and  soda-fabrik 
was  invented  by  sohonherr  and  Hessberper.  The  i^rrinclpal 
underlyinf^:  the  special  type  qf  furnace  employed,  is  that 
vThen   an  air  current  is  passed  aroimd  an  alternating  current 
arc  in  a  helical  i>ath,  the  arc  is  more  stable  aitl  ±v.   in  less 
dangler  of  being  blown  out.  In  onxs  lurnace  zne   arc  is  oon- 
taitied  in  an  iron  tube  4  inches  in  dlaneter  and  25  feet  in 
length.  The  electrodes  are  at  opposlt  ends  of  the  tube,  which 


is  held  vertical.  Tlie  upper  electrode  in  vmter  cooled. 
Air  itj  forced  tliru  ciaall  openin,';^G  in  the  base  of  the  tube 
and  circulates  spirally  around  the  arc,. The  reaction  pro- 
ducts ai'e  drawn  off  at  the  top  of  the  furnace  and  are  con- 
ducted to  abcorptioii  tov/ere.  The  lorer  electrode  is  an  iron 
rod,  adjustable  vritliin  a  vratcr  cooled  copper  cylinder.  The 
iron  is  slotrly  eaten  awav  and  it  id  fed  in  at  the  rate  of 
one  electrode  every  three  iionths.  Tltiese  furriaces  are  used 
in  a  plant  at  Krietiancsand  in  NorT7ay. 

The  tliird  process  v;as  invented  by  II.  and  0.  Pauline* 
and  It  is  carried  out  at  Inncbrucl:  in  Tirol  and  in  several 
places  in  the  southern  part  of  Prance.  The  arcs  are  produced 
between  curved  electrodes,  v.:iich  are  in  close  :.ro::inity  at 
their  lov;er  portions  and  are  inclined  about  45^  fro:.,  the 
vertical.  The  arc  startc  at  the  place  v/here  the  electrodes 
are  the  closest  tof^ethez*  and  it  is  blo'.m  uiw.ird  by  the  air 
blast  from  below.  The  electrodes  arc  water  cooled  iron 
pipes.  T2ie  arc  reaches  a  length  of  about  ont  i..eter.  The 
two  unique  things  in  the  process  are  tr.e  shai-e  of  the  elec- 
trodes and  the  use  of  copper  ".-.indli  ir  blades,  v/hich  renew 
the  arc  in  case  it  is  blovm  out,  Tiie  outcoi;ininf;  f^ascs  con- 
tain about  1.  r-  p>ercent  of  nitric  o::iae.  The  rest  of  the 
process  is  the  sarae  as  the  i^receedinjr  ones, 

Tiiere  are  several  aodifications  of  the  standard 
processes  of  nitror;en  oxidation,  mnonn  vrliicli  are  the  Thorc- 
sen  and  the  Ellis  ijrooesses.  The  i;llis  process  r£ii:eo  use 
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of  rotating  aros  uado  by  a  rotatliif;  i.^agaetlc  field. 

A  prooesfi  for   the  fixation  of   nitrOf:on,aB  described 
In-  the  zentralblatt  fin-  de  Kims tcludcon-lndiis trie,  rxil-es  use 
Of  the  fact   that  oriaes  of  nitrof:en  result  uhen  rdLstureo  of 
air  and  a  corJbustable  c^c  a^re  detonated.    The  inventors  clain 
that   the  condltionc  necessary  to  secure  a  hlnh  yiel2  of 
oxidea  of  nitrogen  have  been  determined, and  that   the  procces 
iG  a  coi.2;.ercial  TX)S3ibillty,    The  coidltions  necessary  arc 
hir:h  ter..iperature  and  pressure;   and- the  proportion  of  orcy^en 
present  LUSt  be  r^reatcr  than  tr.at  in  air.    This  r.eans  that 
oxygen  r.uct  be  added  to   the  rlzture  of  gasec  before  de^onat- 
Injr.    under  these  conditionc  a  yield  of  as  iMoh  as  12  pounds 
of  nitric  acid  had  been  obtained  frox::  1000  cubic  feet  of  pas. 

Tlie  second  r^ethod  for  the  fixation  of  nitro::cn  is 
thru  the  synthesis  of  ammonia.    The  synthetic  xi^^duction  of 
ai.tc.:onla  fror.i  its  elenents  becai.ie  a  eo.'.u^ercial  i^ossibility 
only  about  u  year  aro:    and  the  first  factory  for  the  produGt- 
ion  of  synthetic  aLiuonla  is  non  in  the  course  of  construction 
at   Oppau  in  Gerxriany  by  the  Badisciie  Anilln  und  Soda-Pabrilc. 
Research  \7orl:  on  the  synthesis  of  ai-iijonla  had  been  In  pro- 
f^ress  for  r.iany  years   ,   out  it  was  principally  the  wort:  of 
Ilaber  that  brought  success   to  the  u  idertalcinn.    The  process 
is  essentially  as  follOT:o:-  The  i^-ases  nitror;en  and  hydropren, 
i;.ixed  In  correct  proix)rtion.s,  are  heated  under  pressure  in 
the  presence  of  a  catalytic  arent.   Under  these  conditions  a 
SLiall  ^nount  of  ar;a^onia  is  forced.    The  product  is  recoved 
by  either  dravrinc  it  directly  frox::  the  apparatus  in  liquid 


rorin,  or  by  vTithdravrlri?;:  It  In  the  apparutus  by  mea.is  of  a 
eui table  al-.corption  acent.    v/ater  lo  Vaa  best  abGorption 
agent, produciap;  a  ccncentrate-i  solution  of  arnaionla  under 
pressure,    llie  gascc  not  acted  upon  contiiiuc  to  circulate 
in  the  systei.i  until  acted  uiK>n;    iTesh  ftas  .s  belnf-  added 
to  tal:e  the  place   of  thOBc  roi..oved  as  ai::^:onia.    The  aiaount 
or  ar.iiuonia  forr.cd  depeadG  upon  the   tcLiporature,    the  preeaure 
and   the  natui'e  of  the  catalyct  used.    Tho  invc3tir;ationc  of 
Haber  have  shown  that  at  a  tenperafcure  of  1000"o,    the  de- 
oornposition  of  antnonia  into  its  element c  ic  al:.ioct  quant- 
itative.   :;e  round  that  at  700O0  and  atmospheric  preeL.ure. 
only  .  022''.-  of  ai;iX)nia  tms  obtainable,    "iiuc  at   thece  high 
ternperaturen  the  atraiionia  equilibriui.^.  is  unfavorable,  while 
at  l0T7cr  tei^peraturec  the  catalytic  action  of  r.ietale  in 
too  slow,  00  higher  pretiKurec  had  to  be  useZ.   It  r/as  found 
that  under  a  pressure  of  200  atriospherec  and  a  temperature 
of  050  to  700°c,  u2irif:  as  a  catalyst  pure  iron  o::ide,   the 
catalyst  occupying  a  space  of  20  cui:ic  centiinetcrs;   and 
trith  a  ^,ao  speed  of  SCO  liters  per  hour  it  van  easy  to  ob- 
tain 250  r;rai:is  of  ai3r.;onia  per  liter  of  contact  space  in  an 
hourJ  The  follov/iiif;  is  a  description  of  the  aiiparatus  used 
Ilaber.    The  catalytic  aront  ic  enclosed  in  a  luetal   tube. 
The  gas  liiixture  passes  into   this  tube,   thru  the  catalyst, 
then   tliru  a  heat  renc^orator  and  into  a  circulating  pui.ip. 
Leaving;  this  it  passes  in  a  counter  current  around  the  out- 
side of  the  rejrenerator  tubes  and  the  tube  containinc  the 
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oatalyst,  and  then  it  enterc  thirs  in  front  and  repeats 
the  .journney  aa  described.  The  apparatus  is  protected 
af-aiast  loss  of  heat  by  pacliin.p;  li   in  an  insulatinR  i.ater- 
ial:  and  then  enoloslnn  it  in  an  outer  shell,  \7hioh  can 
\7ithstand  the  high  prcomire.  The  catalyst  is  Itept  at  a 
Guitacle  tcr:ipcrature  by  electrically  heating;  it  from  with- 
in. The  whole  circulation  of  jjaces  taKec  place  at  a  high 
preGsurc.  Between  the  heat  generator  and  the  circulating 
puKip  the  gasee  pass  cither  an  absorber  or  a  condenser,  de- 
pending; on  which  fom  of  product  io  desired.  Considerable 
difficulty  was  found  in  conotruotlnfr  Lhe  apparatus,  which 
had  to  be  large  enough  and  at  the  sanie  ti:.:e  strong;  enout^rh 
to  v'ithstand  the  high  pressure  and  texaperature.  These  diffi- 
culties however  were  overconie  by  suitable  construction.  The 
whole  apparatus  was  placed  in  a  boi.ib-proof  chai.iber  to  c;uard 
a(^alnGt  any  danger  of  explosion  or  of  any  sudden  flarnec  of 
hydroj^en,  should  the  apparatus;  becoxac  defective,  care  was 
taken  to  3:eep  orysen  out  of  ihe   aiparatuc,  for  at  that  high 
pressure  an  explosion  would  result,  special  devicec  v/ere 
placed  on  the  apparL:.tus  to  watch  over  the  oxygen  content; 
and  when  a  definite  percentage  of  that  ran   was  reached,  an 
alarra  was  autouatically  raised.  Tlie  final  and  groat  step  in 
the  process  v/as  the  finding  of  Guch  catalyaers.  ^s    -ould 
rapidly  coi  .bine  the  nitror:en  and  hydroren  in  sufficient 
quantitiea  and  at  lower  tCLiperaturec  than  those  that  had 
been  previously  used.  Haber  tried  osi:iiuri  and  found  that  its 
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actlon  v/aG  favorable  even  at  550^0:   aiid  v/hen  at  a  ijressurc 
of  175  atmospheres,   a  p:a»  ooxiceatration  of  8  voluries  peroeni 
of  m.j.onla  nac'  obtained,   Ocinlu:^  could  not  be  uoed  on  a  coni- 
nieroial  scale  liovyevcr,  because  of  its  rar:lby,  hlr;h  prioe 
and  unpleacant  proi;ertlcs.    Uranluia  was  also  found  by  Ilaber 
to  be  a  very  Kood  catalyst ,  ao  ueed  in  the  form  of  the  i.-eial, 
or  as  a:i  alloy, or  as  tlic  nitride, or  carbide  ac  produced  in 
the  electric  i\irnace.    Vfhen  as   ihe  nitride  or  carbide,   it 
cnunblec  to  a  fine  povider  under  prensurc  and  its  action  even 
under  SOOOo  is  excellent.   Ho  water  or  ii.;pui*itiefi  can  be 
present  in  -he  rases  when  Uraniuf;;  Ig  used  in  this  way.    Tiie 
follovrinf^   table  ohorjc    the  eqiiilibria  ootainaolc  at  differ- 
ent tei:ipcratiires  and  prescurec ,  v:hea  Uranima  is  used  as  a 
catalyst. 

Temperatures  Pressures; 

in  decrees   oentifcrade.      1  atriosphere.  100  ati/josphercs. 

Vol.   .crcent  HH„.    Vol.   percent  WL«, 
800  0.011  1.1 

700  0.021  2.1 

600  0.048  4.5 

500  0.10  10.8 

400  0,48 

Good  results  were  achieved  with  iron  and  iron  or:ide  as 
catalysts,  rrr-jon  the   tci-iperatiire::;  were  not  i.'uch  a-ove  CUO^O. 
Uanf^anese  also  gives  j^ood  results  under  certain  conditioniB; 
that  is  Y/hen  the  gases  are  free  I'roL.  oxyfjen  either  I'rec  or 
coi.blned.    Uolybdenui.^.  is  an  excellent  caialysL   and  it  ca:i  be 


used  In  the  torn  of  iaolyoaic  acid  or  aiXiOniiiJ.i  i.iolybdate. 
Tungsten  v;lll  also  i:::lve  noocl  results  under  suitable  condit- 
ions.   In  iho  course  or  the  investifriations  It  xtas  found  that 
catalysts  were  nmde  iaore  active     y  the  jJi-esenoe  of  certain 
foreii^n  ix>die3.   These  have  been  called  promoters:   and  they 
arc   the  oxides,  liydroxidca  and  salts  of  the  allialien  and 
alKalinc  earths.    The  i)reGonce  of  even  a  i.iinute  quantity  of 
these  in  inany  cascc;  will  raise   the  catalytic  activi::y.    nio 
proi::oter  can  be  added  either  to  the  already  prepared  catalyst 
or   to   the  autoctanoes  used  in  its  x-rcparation.    There  wore 
also  special  poisons  found  which  crould  hinder  or  jjrcvent 
the  reaction  entirely,   althouj'h  the  contact  rnass  did  not 
suffer  any  noticaule  chenical  c]iange»    Oxycen  and  sulphur 
are  the  Liost  violent  of  these  i.>oisonE,for   >heir  presence 
even  in  al:..ost  ninutc  quantities  in  the  gases  T70uld  render 
the  catalyst  alriost  inactive.    Tluis   the  contact  nass  had   to 
be  carefully  x^repared  so  as  to  be  free  from  th<  se  poisons, 
and  the  leases  also  had  to  be  pure.    In   ohc;  case  of  the  gases 
the  renoval  of  iripurities  was  effected  by  filtration,  Trash- 
ing: .  conducting;  over  solid  absorbants  and  the  like,   in  a 
recent   Gerr.ian  patent  it  was  claii:aed  that  by   the  use  of 
rutheniiL-:  as  a  catalyst,  a  cas  mixture  containing  11  to  12 
percent  Nh'.^  had  been  obtained  at  450^0  and  60  ati.-ospheree 
pressure.    At  170  atmospheres  pressure  a  20^    volume  yield 
was  obtained.    The  catalyat  was  in  the  form  of  a  salt  of  its 
hifcher  oxide.    This  yield  is   the  hif»;hest  of  any  recorded,  but 
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tlie  uc:e  or  ruthenlui.:  on  a  coxanercial  scale  hac  not  been 
tried.  On  the  costs  and  yields  of  the  synthetic  process 
little  or  no  data  ic  available.  The  fact  that  Gerriin  capital 
has  been  wi thdraTTini[:;  froi..  the  other  i-rooesscrj  of  nitropcen 
fixation  and  is  now  bac'iing  the  synihetic  aixionia  prooece, 
shows  that  the  new  process  v/ill  be  able  to  coi.'pc:.e  favor- 
ably V7ith  the  others. 

The  third  general  nethod  for  p.itro£;en  fixation  is 
to  COL:. ine  nitror;en  rrith  i-ctals  or  netallolds  and  to  pro- 
duce nitrides,  cyanides,  cyanai.-idcs  etc.  Of  these  the  calc.l.uj:i 
cyananideGprocess  secx-is  to  be  the  one  best  i:noifrn. 

Cyanair.ide ,,  lil:e  ..lany  other  things  v;as  the  rosiilt  of 
the  discovery  of  the  electric  fiirnace,  for  it  v;as  the  electric 
furnace  that  induced  continued  research  alonj;  the  line  of 
nitroc:en  fi:xation.  siericns  and  Hals::e  were  the  first  to 
undertake  the  problen  with  the  use  of  the  electric  furnace. 
This  vras  in  18r5.  Tfiey  worl:ed  on  the  process  of  Prof.  :i, 
Hehner,  \7hich  consisted  in  conduotinc  nitrof:en  thru  a 
fused  nixture  of  sodiiiin  carbonate  and  carbon.  In  the  sacjO 
year  they  made  experii-ients  with  the-'process  of  Prof,  Adolph 
Pranic  and  3Dr.  Nicoder.  caro.  Their  process  consisted  of  sub- 
jecting a  rdxture  of  bariu;.:  carbide,  sodiuj:.  hydroxide, 
ix)tassiu:-.  hydroxide  and  carbon  at  a  j^^j^  ter.ipcraturc  to  the 
action  of  steara  and  nitrogen.  The  inventors  ho\7ever  soon 
learnea  that  dry  nitrogen  7;as  essential  to  the  suoess  of 
the  process,  in  Ic^  8  it  V7i-s  found  that  bariu.-'.  carbide  alone 
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heated  to  a  tei.OJerature  of  700  to  800°o  readily  absorbed 
nitrofien  and  rorned  a  product,  la  which  about  30  percent 
of  ihc  nitrogen  present  v/as  in  the  forn  of  barlui.i  cyanide 
and  the  reriiininc  70  percent  was  in  the  forti  of  bariuiu  oyan- 
ainide.  T)\q   reactions  arc  as  follovrs: 

BaCg  +  H2  =  BaCOlDg 

BaCg  +  IJ2  =  BaCWg  +  C 
Oaloiun  carblie  reacts  in  somevrhat  the  sa:ae  irxinncr,  e?:cept 
that  the  ter;.pcrature  required  is  frori  liooo  to  ISCOOc.  The 
resultiiip;  product  is  also  soi;.e;-hat  different,  bei.if-  exclu- 
sively in  the  for:.i  of  cyana.;jlde.  ■lalciiir;.  carbide  can  be 
i-ianuf ac  tured  at  a  lov.-er  cost  and  it  has  the  further  advan- 
tage of  having  a  lorer  ciolecular  wei^iht.  A  fusion  of  cyan- 
ainlde  rith  al'-aline  salts  readily  converts  it  into  the 
cyanide.  The  process  for  the  i^anufacture  of  oaloiun  cyan- 
aciide  is  in  brief  as  follovrs:  For  the  production  of  oalciu;^ 
carbide,  lii-ic  and  co'-:e  are  i  Ixed  in  the  proix^r  proportions 
to  produce  an  SO  percent  pure  carbide.  The  ndxture  16 
placed  in  a  three  phase  electric  furnace  and  the  tex..perature 
is  raised  to  the  fori.iation  tci.iporature  of  the  carbide.  The 
product  is  tapped  off  fron  the  side  of  the  furnace  into 
iron  cars.  Af  ier  cooling  the  calciux.:  carbide  is  crushed 
fuid  por;dercd  and  Is  pac::ed  into  cylindrical  cans.  In  ihe 
axis  of  each  can  is  a  cylindrical  paper  core.  The  can  with 
the  carbide  is  set  in  a  brie::  \7alled  oven,  sligntly  larger 
than  the  can,  and  is  covered  rith  an  iron  lid.  A  carbon 
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pencil  iD  vun   tiii-u  tlie  paper  core  in  the  axis  of  the  can. 
Upon  the  passane  of  -ho  clectvic  current  the  oarbidc  is 
heated,  nitroc;ea  Is  adLilttcd  to  the  can  and  absorption  ia::cG 
place  veiy  readily  at  between  1100  to  1200*-*c.  Tlie  reaction 
is  as  follows: 

CaCg  +  i<g  =  caoilo  +  C 
The  rcactioa  is  exotherx.iio  and  the  heat  civcn  ofr  is  alrnost 
sufficient  to  maintain  the  xaass  at  the  oonbining  temperature 
\.T:ien  the  absorption  is  co/::i>letc  the  can  is  renovcd  and 
allovred  to  cool.  The  product  has  a  blue  blac::  color  r/ith 
snail  clisteniof;  crystals  of  ijure  caloiwr.  cyanairdde.  The 
nitrogen  used  can  be  prepared  either  l>y   the  liquid  air  or 
the  copper  oxide  prooesr.;.  The  worlds  production  of  cyanaraide 
is  esticiatcd  at  120,000  tons  per  annuiii.  The  basic  i>atent 
protecting  the  p-rocess  of  manufacture  v^as  issued  to  Prof.  A 
Pranl:  and  Dr.  l^ioodexz  Caro  in  1008. 

One  of  the  true  fi:::ation  processes  uhich  is  rapidly 
coirdnp;  to  the  front  and  which  is  not;  being  tried  on  a  larre 
coijneroial  scale,  is  a  process  first  proposed  by  OttoKar 
SerpeK  of  Prance.  The  nitrogen  is  fixed  thru  the  iiediuxa  of 
alumiaium  nitride.  Tlie  existanoe  of  aliuninuun  nitride  had 
been  suspected  for  a  nui.ber  of  years  before  that  substance 
Tras  issolated.  Aluininur.i  nitride  contains  34  percent  nitrocen 
and  it  decomposes  in  ^.oist  air  to  ax:u..onia  and  aluiJ.na. 
Ser'peK's  first  proposition  was  to  foru  alu-vdnuTa  nitride 
from  aliu:'iinum  carbide,  by  i:>assing  a  streaiV.  of  nitrogen 


-10- 


over  the  liiaterial,  neated  to  a  red  heat.  He  found  that  his 
yield  of  nitride  was  inoreased  by  the  addition  of  carbon. 
GliiEiina  or  almainur.  chloride:  and  that  the  prcaencc  of  HCl 
or  HOg  in  the  -caG  facilitated  the  reaction,  Serpe:.  found 
that  a  nonuniforiaity  existed  in  tlie  product  fori.;ed  by  the 
reaction,  and  that  part  of  the  nitrof^en  could  be  driven  off 
by  contact  V7ith  the  air:  and  that  a  further  quantity  oould 
be  driven  off  by  boilinf:  vrith  vrater,  and  that  Gtill  i.iore 
was  rerjoved  by  treatment  with  caustic  alltali  solution.  These 
facts  all  point  to  the  nonhouogenuity  of  the  product,  which 
aKPears  to  consist  of  several  nitrides  of  aluirdnum.  Serpelc 
attenpted  to  produce  the  nitride  directly  froi/.  aluniinum 
and  carbon  rdzturcs,  but  he  was  not  aucesriful  in  this  until 
ho  had  added  sr^ll  aijounts  of  copper  or  iron  to  the  mixtur.^s. 
The  aluirdiiura  nitride  v;as  then  obtained  from  the  alloy.  In 
his  latest  patents  Gerpel:  investir-ated  the  production  of 
the  nitride  from  AloO«  and  carbon  fixtures.  It  was  first 
supposed  that  the  temperature  at  v/hich  the  reaction  too;: 
place  T?ould  be  extremely  high,  such  as  the  highest  te;;:tjer- 
atures  of  the  electric  furnace,  but  this  is  not  true.  The 
reaction  betrrcen  alunina  and  nitro^-^en  can  be  observed  at 
11000  c. ,  at  1500^  o.nitroj^en  is  absorbed  rapidly  and  al 
1800  to  18S0°  the  reaction  becomes  violent.  At  teripcratures 
above  2000°  the  reaction  practically  stops,  as  the  decompos- 
ition temperature  of  the  nitride  appc:ars  to  be  about  ?3120®C, 
The  inventor  also  used  bauxite,  vrhich  is  an  i^.-ixire  alui.dnma 
oxide .  in  his  process  and  it  vras  ooiivcrted  at  a  lov;cr  teniper- 
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a;>ure  than  the  iaxtg   alutnlniin  onide.  S,  A.  Tuclter  and  II.  Read 
in  a  test  or  the  proccsc  uslnf;  bauxite  of  7G  percent  purity, 
found  that  below  leoooc  the  yield  oi'  co:.ihined  nitrogen  was 
triflinc;  'uut  ootween  IGOOO  and  £000°  the  uTaxirrui;;  yield 
of  combined  nitrof^en  wcis  30.10  fj.  This  approaches  vei*y  close- 
ly to  the  theoretical  yield,  which  is  ?A,Qcfj  .   Serpe:'c 
patents  in  the  U.  S.  r:ranted  June  20,  1911,  contain  a  de- 
tailed doGcription  of  tlie  apparatus  intended  for  the  ooi.;- 
loerclal  nanufaoture  of  the  nitride  from  bauxite.  The  plant 
hGG  tv?o  superposed  cylindrical  "r.llns  ci.,:ilai'  in  cdnctruation 
to  ceLient  Kilna.  These  arc  inclined  in  opposite  directions, 
so  that  the  cmterial  bein^  preheated  ia  the  upper  s:iln, 
falls  into  the  opening  of  the  lo?7er  l-.iln  for  hirrher  ter.ri.er^ 
fttoxre  treati.ient.  The  bauxite  is  plaoed  ia  the  upper  Kiln 
and  is  there  calcined,  and  in  its  passa^^e  to  the  lower  ::iln 
is  ./.ixed  vsith  the  necessary  cc^roon  and  the  lairrture  is  t;:en 
treated  with  nitrogen, at  the  hip:h  teiiiiJerature  of  the  lov.er 
Kiln.  This  iij  provided  with  a  dctaohalle  resistaiiee  furnace, 
which  is  intended  to  heat  the  charge  to  the  reacting  te:..per- 
ature.  The  roiterial  is  charged  frox.i  the  end  of  the  Kiln 
into  an  air  ti^ht  receiver.  A  large  rac   producer  at  the 
end  of  the  second  l:iln  furnishes  gas  of  the  approxi:-ate 
GOi.position,  one  third  carbon  iiionoxide  and  tvro  thirds 
nitrogen.  This  ^as  enters  the  3:lln  at  about  400©  0,  passes 
over  the  descendi-if:  oharf-je  a^id  at  tlie  electrically  heated 
none  acts  on  the  ;.'.ixtui'e  to  fori::  the  nitride.  The  apparatius 
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desorlbcd  f<ialCv,c  uce  or  the  00  [:an  or  the  producer  and  that 
evolved  in  ilic  reaction,  tjy  burning;  it   to  heat  i;he  upper 
Kiln.    It  also  aiiis  at   the  intii:<ate  jr.j^tture  of  the  chare© 
•and  intlrato  contact  of  the  nitrogen  and  the  claar?:e.    The 
irj:'Ooesa  under  oviitaole  conditions  of  worl^ln^  ou?:ht  to  i^ro- 
duoe  alui.-iruini  nitride  oontaininc  30  percent  or  r.i0rc  coxiv- 
hined  aitrof;:on.   Per  the  ;;ianufncture  of  nltrone.i  coi:;i;oundo 
this  v/ould  t-ivo  the  process  an  advantage  over  oalciun 
cyanajiide,  whioli  on  the  averane  runs  fror.;  17  to  20  percent 
cor.-.llned  nitronen.    \Tnen  t]ic  alni.iinum  ^litride  is   trated 
Tjitli  Eteara  arjnonia  is  for:r.ed  and  iJure  alur^inun  o^ide  is 
left.    Thio  is  one  of  tihe  valuable  productc  of  the  proceiJG. 

Besides  calciua  and  aluLiinuni  tliere  are  several 
other  metals  wliioh  Tiill  fix  nitrocen.  procecses  have  been 
worlied  out  usi»ir:  the  allialies  and  the  ai';aline  earth  uetals, 
and  also  ouch  r.-iCtals  as  titanium  and  silicon,   but  none 
of  these  aeei:.  to  have  any  co:-if;:ercial  significance.   Uost 
of  then  are  ii  the  erperinental  sta<-:e  only.  Acio  \z  these 
is  the  Sinding-Larsen  process.    It  izDiKes  use  of  the  fact 
that  silicon  nitrogen  coapouiKls  are  forTiCd^Trhen  quart n 
end  colie  are  heated  in  an  atnosphere  of  chlorine  and  nitro- 
£:en  in  an  apparatus  resenbling  a  blast  furnace. 
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The  process  on  which  the  nltroreu  Tixatlon  teste 
rrere  iruide  ic  a  r.odirication  of  another  process,  which  is 
the  sa"o,-joct  of  a  French  patent  numbered  420.140,  f;ra;ited 
to  M.  Louio  Eevaucelle  of  Prance  on  July  7 ,  ICll.  The  in- 
ventor of  that  procecc  had  been  e3:perinentinn  with  the 
formation  of  cyanides,  which  he  obtained  by  heatinrj  intiin- 
atc  Liixtures  of  carbon  and  the  oxide  of  a  r.etal  in  an 
atnoephere  of  nitrogen.  The  cyanide  v/as  forced  aocordinf^ 
to  the  folloninc  equation. 

MO  +  30  +  U^     =  !J(ClOo  +  CO 
This  iroduct  when  treated  wiih  superheated  steam  will 
doconpcce,  liberating  ai.:Eionia  and  carbon  r;:onoxide,  and 
will  regcHierate  the  oxide  of  the  netal  accordiiig  to  the 
equation. 

M(CN)2  +  3HgO  »  LIO  +  2HHg  +  ,':00 
This  last  part  of  tlie  reaction  ±z   v;ell  Known,  for  it  is 
roide  use  of  in  producing  ai-aaonia  fron  cyanairlde.  The 
oxide  of  the  metal  can  be  used  over  several  times  but 
then  has  to  be  rejected,  as  the  inp^irities  introduced 
trith  the  carbon  accuinulate  and  preveit  the  forriatioa  of 
the  cyanide.  The  inventor  uced  foriuS  of  carbon,  contain- 
ing a  rJLniiauri  of  ash,  because  at  the  temperatures  used 
in  the  process,  f\iEed  silicates  and  aluininates  v/ould  re- 
sult. These  would  forw  protective  coatings  over  the  oxide 
of  the  i.ietal  and  prevent  the  forir^ition  of  the  cyanide. 
The  forms  of  carbon  used  v;ere  pas  carbon  and  graphite. 
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and  these  alvrayc  contained  leso  than  ,  06  *".'  of  ash.    The 
heating  of  the  rJ.::t\irc  v;as  clone  la  cloced  retorto  aliallar 
to  those  uaed  in  t.he  oyanaraide  industry.    The  Wiiole  of  the 
coKtierolal  crcrctlon  rraa  to  "be  oarrlcd  out' In  one  piece 
of  apparatus.   In  the  first  part  of  the  operation  the 
mixture  V7as  heated  in   the  retort   to  a   -Oiupcrature  a  little 
lov/er  than  that  at  which  the  cyanide  decoinpooeo.   nitrofjfii 
gas  T;a6  then  paof^ed  into  the  retort  until  the  forroation 
of  the  cyanide  t;ub  coiiipleted.    Stcari  Tras  then  adi.iitted  and 
the  a:.xionia  fomed  ivas  renovel  by  aoeorptlcn.    vrncn  this 
reaction  had  been  coiripleted,   the  steam  tras  shut  off  and  a 
charge  of  carbon  oontaining  raaterlal  rras  added  to    the  orJ.do. 

TO, 

Thic  carbon  could  also  be  added^by  sublir;d:ig  naplithalene . 
and  passing  it  in  i^rith  the  nitrogen  pas.  The  advantar;es 
that  thio  proceDG  v;ouia  have  over  the  cyaaat.'ide  and  Serpel: 
processes  are  tlie  low  heat  of  fon.iation  of  the  product 
and  the  prectically  continuous  operation  of  the  process. 
The  process  tested  by  the  authors  tras  a  iV.odifioation  of 
the  one  given  above.  r7e  r/anted  to  use  tiie  sulphide  of  a 
laetal  to  form  the  sulphocyaiide.  Tl\e  Kietal  which  has  a 
great  af  rinity  for  cyanogen  compounds  is  iron.  lio  simple 
cyanides  of  iron  exist,  oring  to  the  creat  tendency  of 
iron  to  fom  complex  cyanides.  Substances  described  as 
Pe(CiD^  have  alvrays  proven  to  be  ferrocyaiiides  of  iron. 
Hoi^ever  both  sintple  and  ooci^lex  feri'ous  and  ferric  sulpl'o- 
cyanidos  of  iron  c::lst.  It  was  the  object  of  this  invest- 
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igation  to  find  out  whethei*  these  ooLipoundc  would  forn 
in  surflcient  quantities  to  jriai:e  the  riCthod  a  coi^k-JUircial 
one  and  under  vrh&t  conditions  they  v;ould  fora.    The  ohecw 
ictry  of  the  process  v/ould  be  as  follov;s. 

Per,0_  +  3  +£0  +  No     s     Pe^(ONS)v  +  CO 
The  product  rrould  probably  be  or  indefinite  cotipooition 
and  thic  ia  i::dlcatod  i.y  the  x  and  y.On  treating  suoh  a 
product  v;itl;  steaci  aa  oxidation  would  no  doubt  occur, 
and  if  this  sras  suffioio  itly  hifjh  the  product  -Krould  be 
arassoniuci  sulphate,  the  niost  ir^r'Ke table  product  of  iai3. 
A  very  ^ood  starting  ioaterial  was  also  found  for  testixi": 
out    this  process  and  this  Liaterial  consisted  of  an  in  Lin- 
ate  iiii::ture  of  different  or,3a;.iic  'Jtamsssr:  substances  to- 
gether with  iron  oxide  and  Euli>iiur.   Thin  substance  is  the 
si)cnt  iron  oxide  used  in  the  purification  of  illiu.inatiiic 
cas  frox-  sulphur  cOi..poujids.    It  has  no  industrial  use  and 
it   is  re£?;arded  as  a  nuisance  by  the  i2;as  coiiipanies,  who 
have  to  pay  to  have  it  rerso/ed.    Its  only  use  seei:ic  to  be 
as  a  filling  naterial. 

Iron  or.idc  shaviiv^s  have  been  used  for  a  nuL^ber 
of  years  in  the  gas  wor-:s  for  in,irifyinf:  ftus,  and  altliou^h 
the  method  is  not   the  niost  efficient  one  for  removing 
sulphur  compounds,   still  it  is  the  least  objectionable 
of   -„he  inany  that  have  been  tried.    Vne  cher.-istry  uix>n 
which  the  retioval  of  sulphur  cor.-rpounds  in  illuminating 
gas  defiends  is  as  follov/s.    :hen  hydrocon  sulphide  or 


carbon  dlctilplilcic,   these  beiiip;  the  two  prevalent  aulplmr 
cor.;pounclG  In  llliiiidnatinc  ff^s.  Is  passed  over  iiydratcd 
iron  o:tide  In  the  i^resence  of  tracer:;  of  a.r.onla,   iron 
ocsquiculphido  ic  formed.    Coal  cas  alwayB  contains  aiiUiionia 
to  a  sniall  c:;:tent.   in  order  to  inoin'e  sufficient  porooity 
and  Dufriciont  surface  for  reaction,    the  ii-on  o::ide  is 
suspended  on  ^ood  chavizigs.    These  alDO  aerve  tlu    imrpose 
of  bein£;  the  catchers  of  the  final  traoco  of  tar  in  the 
cas.    The  oxide  il.  placed  in  layers  several  feet   ihlo'::  in 
the  piurifyint;  boi^ec,  and  thru  it  the  cases  rxist  pass. 
After  passing   tliru  several  of  these  boxes  in  series  the 
suli/iHir  oo^.pouiidB  v;i.Il  have  been  removed  fairly  re^l. 
After  the  oride  has  been  used  in  the  purifying  boxes  for 
soDG  ti'.ie,  ii;  b-ecornes  foul  and  oeaocs  to  act  as  a  sulphide 
reDOVcr.   It  ie   tiicn  tai:cn  out,  spread  on  the  g^round  and 
aired  for  several  days.   It  then  can  be  used  in  the  purify- 
ing: boxer;  a^ain.Thic  airing  is  repeated  several  tir;:;es, 
until   the  sulT-iTur  content  beccrx-s  so  hir;h   that  it  cannot 
be  used  any  niore  and  it  is  tiien  dicoarded.   T"nc  airing  iro- 
oocs  ii;  a  ctraifjiit  oxidation,  for  it  deoonposes  the  PegSo, 
givinc  free  sulphur  and  PCoO^:   and  tiiis  PcgOg  ic  af;ain 
active  in  reiuoving  Sixlpaur  coifipounds.    The  equations  for 
the  deQc^iposition  ana  fori.-ation  of  the  sesquisulphide  of 
Iron  are  as  follows. 


PeoS^  +30       •       FerjOo  +  3S 

O 

The  sx>ent  Iron  oxide  and  oriclnal  oxide  uaed  in 
the  tests  T7as  obtained  from  the  31  st.   St.   plant  of  the 
Peoples  Gas  LiE:ht  and  colco  Oo.    The  spent  o^:ide     waa  ob- 
tained Troiu  different  pai'ts  of  a  lar?^e  pile  of  that 
r.aterial  in  the  yards  of  the  rac  plant.    The  iiaterial  iiad 
been  lyir^   there  for  several  monthe  and  it  vrac  qiiitc  v;efc. 
It  had  been  exposed   to  t}ie  weather  and  the  surface  of  the 
heap  was  brown  in  color,  duo  to  the  oxidation  of  the  iron, 
but   the  interior  vras  blacl:  in  color  and  shovred  sx.iall  r:li3- 
tening:  i.latec  of  naphthalene.    Tlie  heap  of  i:xiterial  was 
oaniplei  in  different  parte  in  order  to  e;et  a  uniform  saj.aae 
for  analysis.    This  i;;aterial  was  tai-.en  to   the  laboratory 
and  quartered  and  an  analysis  was  tiade  for  moisture  and 
iron  as  soon  ao  possible.    The  spent  oxide  ohavinf^s  had  the 
strong;  odor  of  naphthalene  and  tar.   Moisture  determinations 
were  made  by  placin,";  weij^hed  sar.plea  of  the  Eiaterial  in 
aluxiinun  dishes  and  heating  then  In  a  dryinc  oven  for  three 
hours  at  102°  0.    The  difference  in  weight  of  sax.:ple  can 
not  properly  be  desip-nated  as  i.oisture  alone, as  soi..e  of 
the  other  orcanic  raaterial  is  volatile  at  that  tenperature 
and  t;as  undoubtedly  driven  off.   Ac   t;:i3  tenperature  is  above 
the  iielting  point  of  naphthalene,   that  conntituent  ...el ted 
and  a  snail  portion  of  it  no  doubt  oublir.ied.    The  material 
Yras  analysed  for  iron  by  olov/ly  if:nlting  a  weif^hed  sample 
of  it  over  a  blast  lai.vp,  until  all  of  the  orrranic  rxiterial 


"PA" 


and  free  oulphur  had  been  driven  off,   cind  then  diosolvinn 
the  residue  in  acid  and  de  fcerialninj]:   the  iron  content  by 
titration  v/ith  KMnO^  colutlon. 

Moloture  and  volatile  x^uit^cr  at  lOgOc  -  24.6  ^{, 
Iron  .    .    ...    .    .    -  11.7  ^ 

The  original  iron  o~ide  shaviii^s  as  bought  by  the  r;aG  worl:a 
was  analysed  with  the  followinc  rcGultts. 
Moisture  .    .    .    .  -   l.c  fb 

PeiTio  oxide  ,     .    .   -  72. 2  f.^ 
¥/ood  (by  difference)    .  -  2G.2  ^^^ 
The  spent  iron  oxide  as  obtained  fron  the  c^s  worKc  was 
too  wet  to  be  used  in  any  tests,  so  it  was   first  dried 
for  three  hours  at  a  ternperature  of  ooorj.  This  was  done 
in  shallow  pans  In  a  Dteaii  drier.  D-irttnc  the  dr/inj^  oper- 
ation the  Daterial  was  stirred  froD  time  to  tii..e.  On  co  i- 
clusion  of  the  drying:  the  ciatorial  wac  placed  in  bottles 
and  a  uniforx.:  saLiple  v/aD  taKen  for  analysis.  Analyses 
were  :^ade  for  noisture  and  volatile  rnattcr,  iron,  total 
sulphur,  free  sulphur,  nitroj^enous  r,.atter,  other  organic 
naterial  and  v/cod.  Tne   orcanic  laaterial  present  uas 
further  investigated  by  extractions  to  deteraiine  its 
constituents.  The  iron,riOiGture  and  volatile  were  de- 
terf.iined  exactly  as  in  the  wet  oxide.  Total  sulphur 
Tras  deterrniTied  by  decomposition  and  oxidation  of  the 
iiiaterial  vrith  fumine;  nitric  acid,  and  then  determining 
the  sulphur  ::raviL:etrically  as  barium  sulpliate. 
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Nltrop:enouH  matter  tras  detemlned  by  ;leooDpOBl:ijT  the 
inaterlal  wiuh  sulphuric  acid,  potaGsiui..  sulphate  and 
r.ercuric  oxide  in  a  KJeldahl  flacK,  The  nitropicn  vmc  then 
converted  to  HH  and  deteriained  by  diotillifif:  into  a 
standard  acid  solution.  Pre-,  sulphur  and  organic  imterial 
were  deterriiined  by  extraction  with  different  solvents.  The 
sulphui*  uas  then  deter.cdaed  i^'iravi^etrioally  in  the  extract  to. 
The  residue  v;as  then  analysed  for  the  oor.bined  suli.hur. 
Another  sar:3:le  of  the  residue  was  slowly  ignited  and  its 
los'3  in  weight  vixs   recorded.  This  corresponds  very  closely 
with  the  percent  of  wood  present. 

Moisture  and  volatile  .   .   .   .  -  7.17  ^'j 

Total  iron -  17.7U  5j 

Total  sulphur -  31. 70  - 

Extracted  organic  rna;,ter  and 

frcfi  sulphur.   ...    -  4c?.  84fj 
Sulphur  in  residue  .   .   .   .    -  1. 34  fi 
After  the  moisture  and  volatile  had  been  deterr.:ined,  the 
sanples  were  placed  in  e::traction  thinbles  and  extracted 
T/ith  dif-'erent  aolvonts.  The  apparatus  uoed  consisted  of 
3x.'.all  extreme tion  flasi:a,  Soxhlet  tubes  and  rcflu::  conden- 
sers. Tlie  apparatus  when  set  up  appeared  as  in  ficure  1. 
Por  lifht  solvent  extractions  the  heat  was  furnished  by 
incandescent  larnps,  vrhile  heavy  solvents  vrere  heated  direct- 
ly "oy  c.  Bunsen  fiarae.  The  solvents  used  vfrere  ether,  alcoiiol, 
acetone,  carboti  tetrachloride  and  cai'bon  disulphide. 
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Thosc  wore  used  one  artcr  another  in  the  order  named, 
and  v?ere  efrcctive  in  revjovlnz   the  followinR  thinpjs. 

Ether-  rcanoved  all  of  the  naphthalene  and  lif;ht  oila 
aiid  c;or::e  ol"  the  heavy  oils  and  tar. 

Alcohol-  rc;:iOvcd  oils  and  tar. 

Acetone-  rcnoved  free  aulphtir  and  tar. 

Carbon  tetrachloride-  rei..ovcd  rrcc-  sulphur  aad  other 
organic  i.iatter. 

Carbon  diculpiiide-  rei;ioved  free  sulphur  and  organic 
sulphur  ooxapounda. 

When  ether  was  used  in  the  cold,  it  would  rei-ove  only 
naphthalene  and  a  little  oil  and  the  extract  after  the 
ether  t/ug  evaporated  rras  a  li£;ht  grey  solid,  y'hcn   the 
extractions  were  inade  hot.  practically  all  of  the  oils 
were  rei.ioved  and  the  naphthalene  crystallized  out  of  the 
oils.  Tlie  crystals  were  dried  on  filter  paper  and  welch- 
ed and  thus  the  approxinatc  percent  of  naphtlialene  Tras 
detcrjuined.  The  sainple  used  at  the  bcf^inning  of  these 
extractionc  was  al\7ays  ten  f^ranis.  The  results  obtained 
froLi  one  of  these  extractions  uhen  ether,  acetone  and 
carbon  disulphide  vfere  used  as  solvents  is  as  folloivs. 
Moisture  and  volatile  .   .   .   .  -  7.17  ^ 
Ether  extraction.     .   .   .   .  -  12.36  v 
Acetone  extraction    .   .   .   .  -  5. 02  ^ 
carbon  disulphide  extraction  .   .  -  25.66  ^ 
Residue -  48.  CO  '■^ 


100.00  fj 
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The  residue  was  analysed  for  iron  and  oulphiir.    The  tsulpnur 
present  was  calculated  to  PCgBs  and  the  rei-aining  ii'on 
T7US  calculated  to  PGoOo. 

PCo^'^ -        2.00   5^ 

PCgOg -   23.10  f^ 

Wood  ahavii-ij^o  ....    -•  .^S.OO  ^ 

48.00  fj 

The  foilOTJine;  would  be  a  ocriplete  analysis  or  the  opent 

iron  oxide. 

Moisture  and  volatile  .   .  -   v.i?  ^ 
Naphthalene  .   .   .   .   -   7.eo  ^ 

Oils -   4.76  fij 

Tar  tiucl  or,her  orfiiinic  cocip,   -       1,12  Jgl 
Pretf  sulphur  .       .        .        .     -     ?0. 3C  ^ 

Pe2-3 -       2.00  jS 

PegOj^ -     23.10  ^ 

V/ood  Rhavings  -       ,        .        .    -     22.99  ^ 

100.00  fj 
It  can  be  seen  Troj.^  the  analysis  of  tliis  iron  oxide, 
that  it  would  do  very  v/cll  as  the  i:iatcrial  for  carrying 
out  our  process  of  nitrogen  fixation,   IS  it  were  nor.  for 
the  hirh  sulphur  content.    T/e  did  not  expect   the  ijuiterial 
to  carry  as  hir:h  a  percentage  of  Buli)hur  ao  it  did.   Yfe 
also  expected  i-iorc  of  Ihe  sulphur  to  be  coi.;bined  with  the 
iron  'and  veiy  little  of  it  to  be   there  as  free  sulphur. 
However  we  tooi:  the  xnatcrial  iiz  it  was  and  went  on  with 
our  tests  of  nitror;en  fixation. 
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l^'cll::daary  tests. 
In  order  fco  determine  at  vrhat  tei.:peratureE  and 
under  vrhat   conJitiono  the  reaction  Tor  the  fixation  of 
nitrogen  vjould  taKe  plaoc.  If  it  vrouia  tal;e  place  at  all. 
ve   deeined  it  advioacle  to  ma^ie  prelininary  tests  ucinj;^ 
Si.iill  samples  of  ozide.  Those  tes^s  were  r.adc  In  an 
ordinary  gao  heated  coL-ibuation  train  cnl   a  hard  f::lass 
tube.  In  this  apparatus  teiapcraturcs  up  to  eoooo  rrere 
obtained.  Gram  sa-v.ples  of  i.;atcrial  in  shallow  alundiur. 
boats  were  placed  in  the  tube.  This  mix'j   camected  to  a 
nitronen  tani:  thru  a  pressixre  regulator  and  a  continuous 
stream  of  nitrogen  -was  passed  over  the  hot  oxide.  The 
nitrojcen  used  w:..s  obtained  froLi  the  Linde  Air  Products 
CO.  ,  who  i.annfacture  it  by  the  fractional  distillation 
of  liquid  air.  The  gas  on  analycie  ohoired  that  it  vras 
over  GS  f->  lAire.  A  series  of  boats  with  samjles  were 
placed  i:i  the  tube  and  removed  one  by  one  as  the  tei::pcr- 
ature  rose.  T"  ose  sub,-jeoted  to  the  highest  teiiipcrature 
however  vrere  left  to  cool  slov/ly  in  a  stream  of  aitroren. 
Tecipcrature  r..easureji:ents  were  tal:en  with  a  direct  readirif: 
pyToxneter.  In  the  first  series  of  tests  we  used  a  fixture 
spent  orcile,  fresh  o::iae  and  carbon.  This  rras  done  to  in- 
crease the  iron  content  and  to  l07;er  the  sulphui*  coiitent. 
The  followinr;  nixture  v;as  used, 

10  graLis  of  spent  o::ide. 

00   »   "  fresh   »  . 

10   «•   "  wood  charcoal. 
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After  the  o::ide  had  been  heated  in  an  atioospherc  of  niti'O- 
gen  for  soxne  ti;;ie  It  v;as  oooled  ,  placed  in  a  Kjcldalil 
flask  and  decoi.'.poced  to  detenniie    che  ootibined  nitrocen. 

Table  shous  resultc  or  the  first  prelitJ-nary  test, 
SAJ.IPLi:.  I.IAXII.IUM  MINUTES  PERCEIfT 

TlllPLTUTURE,  IIEATEP.  NiynOGlSJ 

1      500°   C.      32     0.29  fa 


rt 


;i5o  45      0.21  ^i 

3     GOO  C8      0,18  ^ 

4 P50  68      0.10  <5 

These  results  chov;  that  no  nitroj^en  was  beinf^  absorbed. 
The  spent  oroide  alone  containe  conbined  nitror;en  to  the 
extent  of  0,30  fj,  but  as  the  si:>ent  oxide  in  this  i:iixture 
would  only  furnish  0.03  v.?  nitro£!;en,   the  renainiae;  0.  le 
to  0.26  '■    of  fixed.   This  anx)unt  is  too  snail  however  to 
be  conGidei"ed.   Our  next  tests  consisted  of  using  spent 
oxide  alone  and  heating  it  to  a  liigher  tenperature  than 
V7e  could  attain  i.i  the  combustion  train,   v.'e  also  found 
that  as  the  rjaterial  becar^  red  hot  the  excess  sulphur 
and  orcQJiic  jnatter  distilled  off.   in  order  to  obtain 
the  hichcr  teirperature  an  electric  resistance  furnace 
and  fused  silica  tube  were  used.   In  each  of  the  i-uns 
made  the  sac.ple  vds  heated  up  to  the  proper  temperature 
and  was  then  allowed  to  slowly  cool  in  a  Gtreaia  of 
nitrogen.    Thus  if   there  had  been  a  nitrojjcn  oonTX)und 
forued  and  the  te:v.perature  had  risen  above  the  decoi.ipos- 
ition   tenperatui'c  of  that  coiipKJund,   the  conixaund  would 
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be  rexorned,   as   the  inaterial  slowly  cooled  In  the  streoi-'i 
of  nitrogen.    Five  runs  v;ere  nade,   the  results  of  which 
are  chovm  below. 

MAXILaiM  MINUTES  PERCEl^T 

SAMPLE             TIIIPERATURZ:.                IILATLD.                ITITROGl]!!. 
1      7200   C. 00     0.21  ^'^ 


2  — 

3  

4  

5  — 


820 
860 
£00 
000 


CO     0.20 


« 


73 


110      0.20  ^j 

110      0.10  fj 

CO     0.17  fj 


The  arran^eraent  of  the  apparatus  for  this  test  can  be 
seen  la   figure  2.  The  outcoing  £;as  was  placed  in  a  holdBi- 
durin{5  a  run, and  an  a:ialyGis  was  made  of  it  with  the 
following  results. 

oarl)on  dioxide  -  10. 0  ^ 

Osyp:en  .   .  .  -   0.8  ^ 

carbon  iiionoxide  -   0.2  ^ 

Hltroren  .  .  -  80.0  f^ 
Pron  the  results  given  above  it  can  be  seen  that  no  nitro- 
£:en  at  all  was  absorbed  at  the  hiE:her  ten]?eratui*es.  Our 
next  tests  were  laado  on  nixtures  of  the  spent  oxide  and 
KOH,  iiagCO  and  OaO.  The  intention  this  time  was  to  sec 
if  oouplex  salts  of  these  metals  and  iron  would  not  fix 
nitrogen.  T  icce  mixtures  were  tiade  and  used  as  follows. 
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2. 
3. 


iiixtures   :- 

1.     1  g.    Sixjnt  oxide,  —  0.6  c.   KOII, —  o.l  g.  carbon. 

«  a  II  —   0.0  p;.      "     —      "  "        . 

"  "  "         —  0.5  fMIagCOjj-     ■  " 

»»  •»  u         —  0.5  r  caO     —     "  "       . 

Tliese  i-J.xtures  were   to  dirfercnt  te-Mixjratiireo  in  the  oor.i- 
buetion  train  and  tiie  electric  rurriaoe  in  atnostiherea  of 
nitrogen.    Tlie  nitrogen  defceruinations  r:uide  on  the  above 
wore  i:.ade  on  the  basis  of  one  cram  of  tpent  oxide  and  all 
percentuGCG  are  go  calculated.    Thio  was  dene  in  order  that 
all  results  ^70uld  be  on  the  sai-ie  basis  and  that  oonparisons 
could  be  laade,   The  results  of  the  test  with  uixtures  is 
given  below- 

MIXI'URE  TE?iP.l::ll&TimE.  HITHOG33H. 

■  Mibim  ■■■■»■■■    ■■«!■  iMi    ■■■.   ■.■■■■■..■  III-.,  -■   M».i^»  I  iii»iimii«i  iwH—  I— —aip 

1  4U0°  G. 0.21  '■.' 

2     300  —   0.18  ^ 

3  400  0.17  ^ 

4   400  0.19  fo 

These  tests  satisfied  us  that  tlie  deaired  reaction 

would  not  tal-e  place  under  the  teLijxn^atui'es  and  conditions 
uBed.  Our  next  bests  rrere  r^xdc  with  the  application  of 
tenperature  and  pressure. 


Tests  uBiiifr  lilrh  temperature  and  preseure. 

The  rotort  used  io  i;xil:e  t^ese  tests  In  was  eopeolally 
aeslp:ned  for  the  purpoce.  It  vmc  reotancular  in  ahaije, 
and  oust  the  proper  sise  to  fit  into  the  large  gac  fired 
roasting  furnace  that  we  vrere  coi^^n  to  use.  The  retort 
uas  rade  of  lap  welded  wro\i(^ht  iron  with  a  front  cover 
plate  held  on  by  stud  bolts.  The  retort  and  piping  layout 
can  be  oeen  in  fig.  4  and  also  in  the  photocraphs.  in  order 
to  net  fiiocd  pressure  rcnilation.two  valves  'roro  used  in 
the  pipe  between  the  nitrogen  tanl:  and  the  retort,  and  only 
one  valve  waa  used  in  the  exit  lipo.  A  preesure  cau^e  was 
placed  in  the  exit  tube  and  this  wcull  sh6w  the  presaurcs 
in  the  retort.  This  gauf^e  was  calibrated  just  before  the 
test  vras  r.ade  and  the  calibration  ciii've,  plaie  III,  shows 
it  to  bo  fairly  accurate,  in  these  precjure  tectc  we  uoed 
four  different  liIjc tares. 

1. K.o  g.  spent  o::ide, —  ^   g.  KOH. 5  r-  carbon. 

2.   o      "     "   —  75  p.  KgC03  —   tf     II    , 

3.   »      u     «   —  35  r;.  oaO »     " 

4. *  u     t»    —  70  Z'    CaCOg  —   "      "    . 

The  iViixture  was  placed  in  the  retort  in  a  clay  dich,  ti:ie 
cover  was  then  carefully  bolted  on  over  the  asbestfos  r^asliet 
and  the  pix>e  connections  with  the  nitrocon  tani:  were  riiale, 
Yfnen  everything  waa  ready  the  ,ras  burner  was  started  and 
the  temperature  was  brought  up  slowly, as  the  te.Tpcrature  curve 
shows.  A  continuous  streac:  of  nltro^e  T;as  allowed  to 
pass  thina  the  apparatus,  n  order  to  drive  out  the  sulphur 
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fuEies   that  vrcre  liberated  as  the  ter:ii)erature  rooc.    The 
teriperature  of  the  retort  xjaa  deterr.iined  by  a  therr-'icouplc. 
Y/hen  the  ter.ii.)eratiirc  reached  700°  a.  ,    the  o::it  valve  vaa 
closed  and  a  proGGure  of  20  pouiiis  v/as  allov/ed  to  re:  .aiii 
on  the  retort.   By  thla  tlcie  alloi^f  the  sulphur  fuiiies  had 
been  driven  off  and  after  tlie  20  pound  charge  had  been  dis- 
oharccd  a  ITesli  oliar^e  of  120  i^ouivlfs  wac  lAit  on  and  held 
:;here  for  one  half  hour.   The  ter."perature  of  the  retort 
Tras  then  700  C!.   The  cas  Tras  then  turned  of  a.  id  the  retort 
xms  allowed  to  oorx  bad:  to  roon  tor-perature  \7ith  the 
nitrogen  i-jrescure  ctlll  on. 

The  resulting  v/eirhts  of  the  four  sanples  trere  as  followa: 
SAI.??LS  ORIGIHAI.  WT.  PIHAL  WT.  LO.iS  IN  WT. 

1     173  r;rai.is.   —     08.  S  cra/iiG  —     74,7  Krarj3. 

2     180        »  —  105.3        »        —      74.7        » 

3      140        a  —      81.7        »         —      58.3        " 

4      175        «  —   113.  R        "        —     61.2         '• 

Gran  sarnples  of  the  final  product  were  used  for  nitrocen 
determinations,   the  results  of  which  are  piven  belo\7. 
SAWPLiJ  PrP.cn^T   op  iilTROGiai. 

1 0.'^2  ^ 

o     0.271  ^ 

3      0. 202  f^ 

4      0.103  ^ 
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Thc  lact  results  obtained  ahovr   that  only  very  little  If 
any  niti'onen  vrac;  fixed.  It  io  eviJent  that  pressure  wi^JL 
not  nelp  the  fixation  if  the  iTOper  tecperature  hue  not 
been  reached  in  the  first  place.  Ho  tests  at  liigher  toi;.pc 
aturcE  than  1000°  c.  Trcrc  xnade  on  the  ciaterial,  because 
the  reaction  vras  intended  as  a  lev;  tei.:perature  one,  and 
secondly  because  we  did  not  have  the  ai  paratuD  necessary 
to  pi»oducc  a  hirher  temperature. 
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After  the  prclinlnaiy  and  precsure  tocte  had  been 
coznpleted,  a  carcrull  inspection  of  the  data  showed  tiiat 
the  ar.iount  of  nitrogen  fixed  was  practically  ncfrllnil^le. 
The  procoGS  evidently  does  not  won:  under  tixe  conditions 
MA//vr^//y£jo  £>t/^/A/e^  r^^  Ti^^r     As  the  original  idea  vfuc  to  uoe 
couparatively  lov?  temperatures,  that  is  under  1000°  c.  , 
no   tests  wei'e  inade  at  temperatures  above  this  ixiint.   Also 
no  other  raatorials  iirere  used  other  Lhan  spent  oxide,   the 
idea  bein*^  to  use  for  the  proceaa  a  iJiaterial  vrhich  could 
be  obtained  very  cheaply,   in  view  of  these  facts,   the 
authors  have  come  to  the  conclusion,   that   ihe  utilization 
of  spent  o::vicie  ac  a  basis  for  the  fixation  of  nitrogen  is 
iiipossible. 


T7e  desire  to  aci:nov?ledr;e  our  IndebtedneBS 
to  Profescor  il.   McCori-iacK  for  hie  valuacle  GunicestionB 
offered  duriag  the  Trorl:. 

We  are  further  indebted  to  ifr.    i:allar.i  C.    airiith 
of  the  reoples  Gas  Lic'lit  and  Col:c  Gc.   for  hie  asslctance 
in  obtaining  supplies  of  iron  oxide  shavings:   and  to 
Mr.   E.   ¥.    Mo  I'ullen  for  the  aany  valuable  sugx^tifltiono 
oi'fered. 
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